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Abstract: This study investigated the potential of endophytic microorganisms in fermentative pro-
cesses using agro-industrial residues as substrates. The aim was to explore sustainable biotech-
nological methods for producing valuable compounds from waste. Endophytic microorganisms
were isolated from strawberry, lychee, and tangerine and used in fermentative processes with pas-
sion fruit, guava, and pineapple residues. Key methods included isolating and screening potent
aroma-producing microorganisms, identifying them using MALDI-TOF MS, and analyzing volatile
compounds by GC-MS. The results identified 37 endophytic microorganisms, with Kloeckera apiculata
presenting the greatest aromatic potential. Fermentation with agro-industrial residues produced
significant volatile compounds, identifying 27, 23, and 22 compounds from passion fruit, pineapple,
and guava residues, respectively. The main conclusions highlighted the high production of ethyl
acetate and 2-phenylethyl acetate, which contributed to fruity and floral aromas. The novelty of
this study lies in the use of endophytic microorganisms isolated from tropical fruits to biotransform
agro-industrial waste into high-value aromatic compounds, offering economic and environmental
benefits. This research is significant, as it proposes a sustainable approach to valorize waste and
produce natural aroma compounds through biotechnological processes.

Keywords: fermentation; volatile compounds; Kloeckera apiculata; sensory analysis; GC-MS analysis;
MALDI-TOF MS identification

1. Introduction

The production of aroma compounds through biotechnological processes has signifi-
cantly increased in recent years. This interest is partly due to the commercial appeal of these
products, which are considered “natural” and “healthy” [1,2], as well as the responsible
towards environmental issues, resulting in the development of cleaner processes. This helps
the industry to adapt its processes and products to the latest global trends. Compounds
classified as natural can be obtained through enzymatic or fermentative methods from
organic material, whereas conventional production involves chemical processes [3,4].

The use of microorganisms in aroma production has been growing and improving over
the years. Currently, around 100 aromatic compounds are produced industrially through
fermentation by microorganisms [5]. Examples of these include the production of β-ionone,
β-damascone, and pseudoionone using submerged fermentation in a synthetic medium
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with microorganisms isolated from flowers [6]. Aggelopoulos et al. [7] obtained esters,
alcohols, ketones, and terpenes through solid-state fermentation using whey, molasses,
beer, orange, and potato residues with Kluveromyces marxianus and Saccharomyces cerevisiae.

Among the microorganisms used in fermentation, endophytes stand out, isolated
from plant tissues with disinfected surfaces [8–10]. These microorganisms, isolated from
different parts of plants such as flowers, fruits, leaves, stems, roots, and seeds [10–13], have
the ability to live internally without causing any visible damage [14,15].

These microorganisms, which are composed mainly of fungi and bacteria, positively
or neutrally interact with host plants without causing harm, establishing symbiotic and/or
mutualistic relationships [13,14]. Several studies highlight the importance of endophytes
as protective agents against attacks by microorganisms, insects, and herbivores, as well as
their ability to produce phytohormones, enzymes, and other chemical compounds. The use
of these microorganisms in the biotechnology industry has grown due to their biochemical
versatility and genetic diversity.

The isolation of endophytic microorganisms, especially from fruit trees, has been gain-
ing prominence in the literature. Rodrigues et al. [16] isolated approximately 13 endophytic
fungi from leaves and stems of the cajazeira tree, with Colletotrichum gloeosporioides, Guignar-
dia sp., and Phomopsis sp. being noteworthy. In banana leaves, Pereira et al. [17] identified
16 endophytic fungi, the most common being Xylaria sp., Colletotrichum musae, and Cordana
musae. Uenojo and Pastore [18] isolated 104 endophytic microorganisms from coffee beans,
coffee washing water, coffee plant leaves, coffee plantation soil, and fruits such as banana,
tangerine, orange, melon, papaya, guava, grape, and apricot, seeking microorganisms
efficient in the production of pectic substances.

Due to their biochemical versatility and genetic diversity, the application of these
endophytic microorganisms has been prominent in biotechnological processes for aroma
production. Additionally, the use of agro-industrial residues as a nutrient source for these
microorganisms represents a strategy to reduce costs.

With one of the world’s largest economies based on agriculture, Brazil has a significant
production of agricultural materials, generating a vast amount of residues [19]. Recently,
interest in reusing these residues has grown, enabling their application as a nutritional
source in various bioprocesses, aiming to obtain high value-added chemical products such
as ethanol, proteins, enzymes, organic acids, amino acids, biologically active secondary
metabolites, and aromatic compounds [19,20].

The production of aromas through biotechnological processes can occur in two ways:
synthesis of new compounds and biotransformation. In both cases, it is necessary for the
precursor of the compounds to be present in the culture medium. Some precursors are
found in agro-industrial residues such as peels, seeds, and bagasse, which become excellent
nutrient sources for microbial growth.

As an example, the production of an intense fruity aroma by Ceratocystis fimbriata in a
fermentation medium composed of wheat bran, sugarcane bagasse, and cassava bagasse
was reported by Medeiros et al. [20]. The production of pineapple aroma in a medium
containing a combination of apple pulp residues, cassava bagasse, and amaranth was
reported by Pandey et al. [21]. Similarly, the production of volatile compounds such as
acetaldehyde and 3-methyl butanol using tropical fruit residues as a fermentation medium
for the growth of Rhizopus oryzae was described by Medeiros et al. [20].

With advancements and innovations in the field of biotechnology, new perspectives
and possibilities are emerging regarding the use of agro-industrial residues. These residues
have great potential as substrates in bioprocesses and in obtaining higher value-added
products. Thus, the application of agro-industrial residues in bioprocesses represents a way
to use alternative substrates and contribute to solving environmental pollution problems.

The present study aims to explore the potential of endophytic microorganisms in
fermentative processes using agro-industrial waste as substrates for the production of
sustainable aromatic compounds. By utilizing waste from passion fruit (Passiflora edulis
Sims.), guava (Psidium guajava L.), and pineapple (Ananas comosus L. Merr.), the research
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not only enhances the value of these by-products but also addresses environmental impact
reduction. The use of endophytic microorganisms isolated from tropical fruits has proven
effective in the biotransformation of waste into high-value products. The findings of this
study are of great interest to researchers and biotechnology industry professionals due to
the economic and ecological benefits of the developed processes.

2. Materials and Methods
2.1. Fruits

The fruits used for the isolation of endophytic microorganisms were strawberry
(Fragaria × ananassa Duchesne.), lychee (Litchi chinensis Sonn.), and tangerine (Citrus retic-
ulata Blanco.), which were purchased at CEASA (Supply Center of the State of Sergipe).
The fruits were manually selected to exclude those with physical damage, insect attacks, or
fungal infections.

2.2. Agro-Industrial Residues

The agro-industrial residues of passion fruit (Passiflora edulis Sims.), guava (Psidium
guajava L.), and pineapple (Ananas comosus L. Merr.) were weighed and stored at −18 ◦C in
a freezer, inside plastic packaging, for later analysis. The residues were prepared in powder
form using a hammer and grinder (IKA, model A11 Basic) to facilitate the absorption of
nutrients by the microorganism. The residues were donated by Pomar do Brasil Indústria e
Comércio de Alimentos Ltd.a., located in Aracaju, SE, Brazil.

2.3. Isolation and Selection of Endophytic Microorganisms
2.3.1. Sanitization of Fruits

The fruits selected for isolation of endophytic microorganisms underwent prior saniti-
zation treatment, described below. The collected samples were washed in running water
with neutral soap to remove epiphytic fungi. Later, they were immersed in 70% (v/v)
alcohol for 1 min to break the surface tension. Subsequently, they were immersed in 3%
sodium hypochlorite (NaClO) for 3 min, promoting asepsis of the material. Finally, they
were immersed again in 70% (v/v) alcohol to remove the excess sodium hypochlorite. As a
negative control, plating of the last water used in asepsis of the samples was performed.

2.3.2. Isolation of Microorganisms

After the sanitization process, the fruits were subjected to the isolation method. The
samples were washed in running water and cut with a sterile scalpel. Later, 10 mL of sterile
water was added, and the samples were shaken for 1 min in a vortex. Subsequently, they
were incubated in a BOD incubator for 7 d. After incubation, 0.1 mL of the supernatant
was collected and diluted in tubes from 10−2 to 10−6. The dilutions were used to prepare
duplicate plates, which were incubated in a BOD incubator for another 7 d. Finally, the
plates were streaked and analyzed in YM medium.

2.3.3. Selection of Endophytic Microorganisms Using Sensory Analysis

Selection of microorganisms with the potential for aroma production was carried out
using sensory analysis according to the method adapted from Uenojo and Pastore [18]. For
each isolated microorganism, a pre-inoculum was prepared, where three loops were added
to 100 mL of YM medium and incubated in a shaker at 30 ◦C for 48 h at 150 rpm. After this
period, 50 mL of a fermentation medium containing 5% fructose and 0.5% yeast extract
was prepared. The strains were inoculated with 5 mL, and the flasks were incubated in
a rotary shaker at 28 ◦C and 150 rpm for 72 h to evaluate the microorganism’s ability to
produce aroma using the same sensory panel.

A sensory team, composed of six panelists familiar with tropical fruit aromas and
with prior experience on quantitative descriptive sensory teams for analyzing aromas and
flavors of tropical fruits and derivatives, described and quantified the intensity of the
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aromatic notes perceived in the fermented media compared to a non-inoculated control,
using an unstructured scale. The results were analyzed by ANOVA and Tukey’s mean test.

2.4. Identification of the Selected Microorganism

The microorganism was identified using a matrix-assisted laser desorption/ionization
mass spectrometer (MALDI) from BRUKER Daltonics, model MALDI-TOF Microflex LT,
according to the procedure described below.

The strain was cultured on YM agar for 48 h at 30 ◦C. The colonies were transferred
to plastic tubes, the cells were washed with 1 mL of ultrapure water and centrifuged
at 70,000× g for 2 min, and the supernatant was discarded. This process was repeated
once. Subsequently, 1 mL of 75% ethanol (v/v) was added to the precipitate, which was
incubated at room temperature for 10 min and then centrifuged. The supernatant was
discarded, and the precipitate was dried in an oven at 36 ± 1 ◦C, then resuspended in a
solution of 70% formic acid and acetonitrile (1:1). The extracts obtained were centrifuged
at 70,000× g for 2 min, and 1 µL of the supernatants was deposited onto a plate for mass
spectrometer analysis, being air-dried at room temperature. Then, 1 µL of the matrix
α-cyano-4-hydroxycinnamic acid (10 mg/mL) dissolved in acetonitrile/2.5% trifluoroacetic
acid (1:1) was added to the sample and air-dried (Sauer, Freiwald et al. 2008).

The sample was inoculated in triplicate on a stainless steel plate, which was subse-
quently introduced into a Microflex LT MALDI-TOF MS mass spectrometer equipped with
a 337 nm nitrogen laser in linear mode, controlled by FlexControl 3.3 software (Bruker
Daltonics, Billerica, MA USA). Mass spectra were collected in the mass range of 2000 to
20,000 m/z.

The spectra obtained were analyzed using MALDI Biotyper software version 2.0
(Bruker Daltonics, Billerica, MA, USA) with standard settings for identification. The
algorithm used by the MALDI Biotyper compares the spectra of the unknown sample with
reference samples contained in the database. The procedure takes into account the masses
and relative intensities of the unknown spectra [22]. As specified by the manufacturer, the
criteria for identification are: scores ≥ 2 for reliable species identification and between
1.7 and 1.9 for reliable genus identification. Identification scores below 1.7 are considered
unreliable, making identification impossible. As a control for protein extraction and reading,
the Escherichia coli strain was used.

2.5. Fermentation of the Selected Strain with Agro-Industrial Residues

Fermentations were carried out in a medium containing residues of passion fruit,
pineapple, and guava. For the fermentation, a pre-inoculum composed of YM medium
and three loops of the selected strain was prepared. This pre-inoculum was incubated in
a shaker at 30 ◦C for 48 h, with a rotation of 150 rpm. After the pre-inoculum incubation
period, complete fermentations and chemical and biological blanks were prepared for each
batch of fermentation performed with each residue, as follows: biological blank, containing
the same amount of culture medium and inoculum; chemical blank, containing the same
amount of culture medium and residue; and complete fermentation, containing the same
amount of culture medium, inoculum, and residue. The fermentations were conducted in
amber flasks, which were incubated in a shaker at 25 ◦C for five days, with a rotation of
75 rpm.

2.6. Analysis of Volatile Compounds

During the fermentation incubation period, the amber flasks were removed daily,
corresponding to the times of 0 h, 24 h, 48 h, 72 h, and 96 h, for the biological and chem-
ical blanks, as well as for the complete fermented product. Thus, three flasks were re-
moved per day. The volatile compounds were separated using the SPME technique with
a DVB/CAR/PDMS fiber (50/30 µm divinylbenzene/carboxen/polydimethylsiloxane;
Supelco, Bellefonte, PA, USA) and injected into a gas chromatograph (AGILENT, model
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7980C) coupled to a mass spectrometer (MS), with an ionization voltage of 70 eV. The
compounds were separated in a DB-5MS capillary column (30 m × 0.25 mm × 0.25 µm).

The conditions used in the GC-MS system were as follows: initial oven temperature
of 30 ◦C for 5 min, increasing by 3 ◦C per minute until reaching 240 ◦C, and maintaining
at this temperature for 10 min. The injector temperature was set at 220 ◦C. Helium was
used as the carrier gas, with a flow rate of 1.0 mL per minute in the splitless injection
system. The transfer line temperature was 170 ◦C, and the mass scan range was from 35 to
350 u.m.a. The compounds were identified by comparing their mass spectra with the NIST
(National Institute of Standards & Technology, Gaithersburg, MD, USA) database and by
linear retention indices, calculated based on the retention times of a series of n-alkanes,
analyzed under the same separation conditions.

2.7. Statistical Analysis

The data were subjected to analysis of variance (ANOVA) and Tukey’s test, with a
significance level of 5%, using Statistical Analysis System (SAS) software.

3. Results and Discussion
3.1. Isolation and Selection of Aroma-Producing Microorganisms

The application of the isolation technique revealed the presence of 37 microorganisms
in the selected fruits. Of these, 24 were yeasts and 13 were fungi. The presence of endophytic
microorganisms was found in all the fruits used for isolation, as detailed in Table 1. After
isolation, the yeasts were cultured in liquid medium with 5% fructose and 0.5% yeast
extract in a shaker at 30 ◦C and 150 rpm for 72 h.

Table 1. Number of microorganisms isolated from each fruit.

Fruits Number of Yeasts Isolated Number of Fungi Isolated

Strawberry 10 3
Lychee 8 2

Tangerine 6 8

The fermented products with yeast strains isolated from strawberry showed the high-
est ratings in aroma intensity. Among the evaluated attributes, the fruity aroma received
the highest rating, as observed in Figure 1. The analysts also identified that the HIM-01
strain had an aroma similar to that of strawberry. Studies indicate that yeasts isolated from
fruits, such as strawberries, produce a variety of volatile compounds that significantly
contribute to the aromatic profile of fermented products. Yeasts like Saccharomyces cerevisiae
are known to produce higher levels of alcohols, esters, aldehydes, and terpenes, which are
responsible for fruity and floral aromas in wines and ciders [23,24].

The fermented products with endophytic yeasts isolated from lychee, as presented in
Figure 2, exhibited fermented, alcoholic, and sweet aromas, with the LIC-01 strain receiving
the highest ratings in these attributes. Yeasts produce a diversity of volatile compounds
during fermentation, including esters and alcohols, which are known for their contributions
to fermented and sweet aromas [25].

For the fermentations with yeasts isolated from tangerine, presented in Figure 3, the
highest intensity ratings were observed for the odors “sweet”, “fruity”, and “citrus” in strains
TAM-01, TAM-02, and TAM-03, respectively. An aroma attribute not previously reported by
the analysts and classified as “herbal” was detected only in strains TAM-03, TAM-04, and
TAM-05, with the highest average rating (3) observed in strain TAM-05. The diversity of
volatile compounds produced by these yeasts can explain the variety of observed aromas,
including esters and alcohols contributing to citrus and herbal aromas [24,25].
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In general, the panelists reported 11 sensory attributes, most of which had pleasant
aroma characteristics, such as sweet, fruity, floral, and citrus notes. The remaining charac-
teristic odors were non-significant aromatic notes, such as fermented and alcoholic. The
best aroma ratings and attributes were for the HIM-01 strain, isolated from strawberry,
which also received the strawberry aroma rating in its sensory analysis. Due to its potential
for producing fruity and sweet aromas, the HIM-01 strain was chosen to continue the
fermentation experiments in media containing agro-industrial residues.
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3.2. Identification of the HIM-01 Strain by MALDI-TOF-MS

The results of the identification of the HIM-01 strain by microbiological culture using
MALDI-TOF/MS are presented in Table 2. The mass spectrum provided by MALDI-TOF/MS
for the yeast Kloeckera apiculata is shown in Figure 4. This allows for demonstration of the
ribosomal protein profile of this yeast. The methodology of taxonomic identification by
MALDI-TOF/MS is based on the phenotypic characteristics of microorganisms, using a
specific mass generated in the spectrum by bacterial proteins, and subsequent comparison of
the mass spectrum. Thus, the quality of the spectrum is evaluated considering factors such
as the number of peaks, signal-to-noise ratio (S), resolution, and signal intensity [26–28].
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Table 2. Volatile compounds identified in the fermented product after 72 h using passion fruit residue
and the Kloeckera apiculata strain.

N◦ Compounds IRCal Area (%) B.Q. * B.B. * Aroma b

1 Ethanol 522 10.03 x alcoholic
2 Methyl acetate 560 10.72 x sweet, fruity
3 2-Methyl-1-propanol 550 1.81 x
4 Ethyl acetate 640 11.14 x fruity
5 Isobutyl acetate 790 0.67 x fruity
6 Hexanal 800 0.47 x green
7 Ethyl butanoate 802 1.74 x fruity
8 (Z)-3-Hexen-1-ol 855 1.12 x
9 1-hexanol 863 6.07 herbs

10 isoamyl acetate 877 5.95 x fruity
11 2-Methylbutyl acetate 879 1.35 x
12 Styrene 890 0.63 x
13 2-Heptanol 900 0.60 x citrus
14 Methyl hexanoate 925 0.56 x fruity
15 α-Thujene 934 0.54 x
16 Benzaldehyde 960 6.33 x
17 β-Myrcene 991 3.02 spicy
18 β-Cymene 1019 1.12 x
19 (E)-Ocimene 1029 0.84 x herbs
20 Benzeneacetaldehyde 1035 3.30 x green
21 3-Carene 1038 4.47 sweet

22 4-(benzoylmethyl)-6-methyl-2H-1,4-
benzoxazin-3-one 1058 0.56 x

23 Terpinolene 1076 0.98 x herbs
24 Methyl benzoate 1082 6.51 x phenolic
25 2-Phenylethyl acetate 1104 14.54 roses
26 Ethyl benzoate 1165 2.68 x mint
27 Hexyl 2-methylpropanoate 1189 2.26

B.Q. *: Chemical blank; B.B. *: biological blank; x: indicates the presence of the compound in the blanks;
b: Goodner, 2008.

The microorganism identified as Kloeckera apiculata is a yeast commonly found in
the early stages of the alcoholic fermentation process, especially in wines. These yeasts
are known as “non-Saccharomyces yeasts” and have been extensively studied due to the
formation of metabolites that directly affect the final aroma of fermented products [29–31].
Yeasts of the genus Kloeckera have the potential to produce various aromatic compounds of
interest due to their ability to biosynthesize and/or release these compounds in cultures
under appropriate working conditions.

3.3. Volatile Compounds Obtained from the Fermentation of Kloeckera Apiculata in Culture
Medium Supplemented with Agro-Industrial Residues

After identifying K. apiculata as the microorganism with the best performance in
sensory analysis, fermentations were carried out in medium containing agro-industrial
residues of passion fruit, guava, and pineapple. These fermentations were performed in
triplicate, and chromatographic analyses were conducted daily at 0, 24, 48, 72, and 96 h.
The optimal time for all fermentation processes was 72 h. Simultaneously, experiments
with biological blanks and chemical blanks were conducted.

Table 2 presents all the compounds identified in the product obtained by the fermen-
tation of Kloeckera apiculata with passion fruit residue. Among the identified compounds,
esters stand out as the major class. Esters are compounds responsible for fruity and floral
aroma notes [32,33], with the main ones being 2-phenylethyl acetate (14.54%), ethyl acetate
(11.14%), methyl acetate (10.72%), and methyl benzoate (6.51%). Studies reveal that esters
are mostly obtained through low levels of 2-phenylethanol (together with acetyl-CoA),
which synthesize 2-phenylethyl acetate in conjunction with acetyltransferase. Yeasts con-
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vert alcohols into their corresponding acetates with high yield (over 90% for 3-methyl-butyl
acetate) [34,35]. Liu et al. [36] revealed that K. apiculata strains have sufficient quantities of
2-phenylethanol in their cell walls for extraction and use as an antimicrobial; this fact may
explain the production of 2-phenylethyl acetate in the medium with the residue. However,
it is necessary to consider that the chemical blank analyses also found the presence of 2-
phenylethanol, which may have been used as a source for the production of the esters found.
Another study demonstrated that the addition of l-phenylalanine during co-fermentation
significantly increased the production of 2-phenylethyl acetate [37]. Additionally, research
has shown that the production of β-phenylethyl acetate by non-Saccharomyces yeasts con-
tributes to complex and desirable aromatic notes, with this ester being one of the main ones
found in alcoholic fermentations using Kloeckera strains [38,39].

Another way of producing esters, especially ethyl acetate by K. apiculata, comes from
the reaction of saturated fatty acids with alcohols formed during alcoholic fermentation.
Ethyl acetate is the most abundant ester found in alcoholic fermentations using Kloeckera
strains [29,40,41]. Since passion fruit residue has high amount of lipids, the yeast is
possibly using the fatty acids from the medium to produce ethyl acetate, explaining its high
concentration.

Alcohols originate from the metabolism of amino acids or sugars during alcoholic
fermentation carried out by yeasts [42]. They are divided into aliphatic alcohols and
aromatic alcohols. Aliphatic alcohols include compounds such as propanol, isoamyl
alcohol, and isobutanol. Aromatic alcohols consist of compounds such as 2-phenylethanol
and tyrosol. The concentration of these compounds in fermentation as a final product
can be influenced by the concentration of amino acids in the culture medium, as well
as by various parameters such as the presence of ethanol, temperature, pH, agitation,
and soluble solids [43]. In the fermentation with passion fruit residues, the alcohols
identified in the highest percentages were ethanol (10.03%) and 1-hexanol (6.07%). The
production of ethanol is an indicator of alcoholic fermentation, and hexanol is an important
primary alcohol, widely used in the cosmetics and fragrance industry as a fixative. These
two compounds were also identified in the biological blanks on all fermentation days.

Other classes of compounds were identified in smaller quantities, such as terpenes and
aldehydes. The identified terpenes were 3-carene (4.47%), β-myrcene (3.02%), β-cymene
(1.12%), terpinolene (0.98%), and (E)-ocimene (0.84%). The formation of terpenic com-
pounds in fermentation media using yeasts such as K. apiculata often occurs through the
hydrolysis of glycosides caused by the action of enzymes produced by this microorganism,
such as β-glucosidase. However, the production of terpenes can be limited by the concen-
tration of ethanol [44]. In the present work, ethanol was one of the alcohols detected in the
highest concentrations, which may have influenced the inhibition of terpene formation.
Among the identified terpenes, 3-carene was the only compound not found in either of
the blanks (chemical and biological). For aldehydes, only two compounds were identified
in the fermented product with passion fruit residue: benzeneacetaldehyde (3.30%) and
hexanal (0.47%), both also found in the chemical blanks, being pre-existing compounds in
the residue.

The guava residue used as a substrate resulted in the identification of 22 volatile
compounds in the fermented product, as presented in Table 3. The major compounds iden-
tified were the terpenes aromadendrene (41.23%), humulene (7.06%), α-selinene (6.48%),
δ-cadinene (6.29%), and β-caryophyllene (6.26%). The chemical control also revealed the
presence of these terpenic compounds. However, the presence of these compounds showed
interesting behavior. The area of β-caryophyllene was reduced from 47.67% to 6.10% in
the chemical control. The areas of α-selinene and δ-cadinene also decreased, from 7.44%
and 7.26% to 6.31% and 6.13%, respectively. On the other hand, the area of aromadendrene
increased from 8% to 40.17%, and humulene decreased from 8.25% to 6.88%. The reduction
in β-caryophyllene concentration may be related to its degradation by oxygen during the
fermentation period. These terpenic compounds were also identified in studies on guava
pulp by Nunes et al. [45]. Analyzing the volatile composition of fresh and freeze-dried
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guava pulp, the authors found 16 terpenic compounds, all of which were present in this
study, both in the fermented product with guava residue and in the chemical control.

Table 3. Volatile compounds identified in the fermented product after 72 h using guava residue and
Kloeckera apiculata strain.

N◦ Compounds IRCal Area (%) B.Q. * B.B. * Aroma b

1 Ethanol 529 2.96 x x alcohol
2 Ethyl acetate 644 7.89 x fruity
3 Isoamyl alcohol 775 1.26 x
4 2-Methyl-1-butanol 777 0.78 x
5 Isoamyl acetate 877 4.34 x
6 D-limonene 1022 1.21 x citric
7 Eucalyptol 1024 0.53 x eucalyptus
8 (E)-Ocimene 1029 3.21 x
9 2-Phenylethanol 1038 0.57 x floral

10 α-Pyronene 1109 0.55
11 2-Phenylethyl acetate 1117 0.42 x floral, roses
12 α-Copaene 1259 0.87 x woody
13 β-Caryophyllen 1374 6.26 x sweet
14 Aromandendrene 1419 41.23 x woody
15 Humulene 1437 7.06 x woody
16 Alloaromadendrene 1451 4.55 xx woody
17 γ-Muurolene 1458 0.85 x herbal
18 β-Selinene 1474 1.22 x herbal
19 α-Selinene 1483 6.48 x Waxy
20 δ-Cadinene 1492 6.29 x herbal
21 (+)-Ledene 1521 0.87 x
22 β-Guaiene 1579 0.57 x balsamic

B.Q. *: Chemical blank; B.B. *: biological blank; x: indicates the presence of the compound in the blanks;
b: Goodner, 2008.

Another important aromatic compound identified was ethyl acetate (7.89%). The
presence of this ester contributes to the formation of aroma notes with fruity and sweet
characteristics. Ethyl acetate is formed during fermentation by the reaction of alcohols and
acetyl-CoA, catalyzed by the enzyme alcohol acetyltransferase. Ethanol is the main alcohol
in fermentations with K. apiculata, and therefore ethyl acetate, originating from ethanol and
acetyl-CoA, is the most abundant ester in fermentation processes with this microorganism.
Zohre and Erten [46] also found high production of ethyl acetate in fermentation processes
with K. apiculata. The decrease in the ethanol area in the biological control, from 15.08% to
2.88% in the fermented product, indicates that it was consumed in the reaction forming
ethyl acetate.

Fermentation of K. apiculata with guava residue did not result in the formation of new
compounds through biotransformation. However, the residue proved to be promising for
the production of esters such as ethyl acetate, likely due to its composition that facilitates
the production of ethanol, which can be used in reactions to obtain these esters.

Pineapple residue was used as a substrate for fermentation with Kloeckera apiculata. A
total of 41 compounds were identified in the fermentations with this substrate, as shown
in Table 4. The compound found in the highest concentration was furfural (37.09%), a
product of the hydrolysis of sugars present in the hemicellulose of plants. Pardo et al. [47]
showed that the concentration of hemicellulose can reach 28.69 g/100 g in pineapple
residues, making this residue an important source for obtaining furfural. Biotechnologically,
furfural can be obtained from the degradation of xylose under acidic conditions, reaching
high concentrations depending on the substrate used. During this hydrolysis process,
inhibitory compounds for microbial development, such as acetic acid, sugar derivatives,
and lignin degradation products, are formed and released into the medium [48,49]. These
inhibitory compounds can reduce or even render ethanol production unfeasible in alcoholic
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fermentations [50,51]. In the present study, the high concentration of furfural may have
influenced the absence of ethanol among the identified compounds, considering that this
alcohol was produced in the fermentations with passion fruit and guava residues. Another
compound related to furfural is furfuryl alcohol, resulting from its degradation, found at a
concentration of 0.64% in the fermented products.

Table 4. Volatile compounds identified in fermented products after 72 h using pineapple residue and
the Kloeckera apiculata strain.

N◦ Compounds IRCal Area (%) B.Q. * B.B. * Aroma b

1 Isoamyl alcohol 775 4.72 x fruity
2 2-Methyl-1-butanol 776 5.10 x burned
3 (E)-2-Methylcyclopentanol 800 0.46 x
4 2,4-Dimethylheptane 821 0.89 x
5 Furfural 832 37.09 x
6 2-Ethoxy-2-cyclohexenone 841 9.97 x
7 1,3-Dimethylheptane 863 1.67 x
8 Isoamyl acetate 877 18.45 x fruity
9 2-Methylbutyl acetate 880 2.49 x fruity

10 Methional 906 0.45 x
11 2-Acetylfuran 913 0.42 x
12 Benzaldehyde 961 1.89 x
13 2-Pentylfuran 991 0.91 x
14 2-Furanmethanol 995 0.80 x
15 Ethyl hexanoate 999 1.60 fruity
16 4-Methyldecane 1007 0.99
17 3-(prop-2-enoyloxy)tetradecane 1017 0.75 x
18 Benzeneacetaldehyde 1035 3.46 x green
19 1-Propyldecyl phenylacetate 1040 0.71 x
20 1-Methylodecyl phenylacetate 1043 0.56 x
21 2,6,6-trimethyl-bicyclo[3.1.1]hept-3-ylamine 1091 0.37 x
22 Ethyl octanoate 1195 3.90 wax
23 2-Phenylethyl acetate 1261 2.36

B.Q. *: Chemical blank; B.B *: biological blank; x: indicates the presence of the compound in the blanks;
b: Goodner, 2008.

The second most abundant compound was isoamyl acetate (18.45%). However,
this compound was also detected in small concentrations in the control, as pineapple
residues have a high concentration of esters in their volatile composition. Esters such as
2-phenylethyl acetate (2.36%) and 2-methylbutyl acetate (2.49%) were also found. Mamede
and Pastore [30], analyzing volatile compounds in K. apiculata grape fermentation musts,
reported the presence of ethyl propionate and propyl acetate in higher concentrations.
Temperature is a decisive factor in the concentration and formation of esters such as ethyl
acetate, ethyl butyrate, isoamyl acetate, and ethyl hexanoate in fermentation processes
using yeasts like Kloeckera apiculata [52]. Other compounds were also detected, such as
isoamyl alcohol (4.72%) and 2-methyl-1-butanol (5.10%), and aldehydes like benzaldehyde
(1.89%) and benzeneacetaldehyde (3.46%). These compounds were found in the control,
not resulting from biotransformation caused by the interaction of the microorganism with
the medium.

4. Conclusions

In total, 37 endophytic microorganisms were isolated, of which 24 were yeasts and 13
were endophytic fungi. Among these, the yeast strain HIM-01, isolated from strawberry,
showed the best sensory results, with sweet and fruity aroma notes. The HIM-01 strain
was identified as the microorganism Kloeckera apiculata using the MALDI-TOF/MS tech-
nique in a rapid, simple, and unequivocal manner. In the fermented products, 27, 23, and
22 compounds were identified from passion fruit, pineapple, and guava residues, respec-
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tively. Considering the number and diversity of compounds found in the fermented
products derived from passion fruit residues, it can be concluded that this residue is a
promising substrate for obtaining aromatic compounds. Notable compounds included
ethyl acetate (11.14%) and 2-phenylethyl acetate (14.54%), which contributed to fruity and
floral aromas, respectively. This study demonstrates that the use of agro-industrial residues
can be an effective and sustainable strategy for the production of high-value compounds,
leveraging endophytic microorganisms isolated from tropical fruits.
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